Results. One late re-rupture and one sural nerve injury occurred in the standard open repair group. No rerupture or sural nerve injury occurred in those having minimally invasive surgery, they also reported fewer complications related to wound healing and a shorter hospital stay. Calf atrophy was also significantly less in this group (p<0.05).
INTRODUCTION
The Achilles tendon is the strongest tendon in the human body. Nevertheless, its acute rupture is a common injury among athletes and is related to sports or overuse. 1 The injury can be treated either surgically (by open or percutaneous techniques) or nonoperatively (entailing cast immobilisation or functional braces), but the optimal method remains controversial. Most recent reports have favoured operative treatment because it significantly reduces the risk of re-rupture and allows earlier return to pre-injury activity. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, traditional open repair is associated with a higher rate of complications (11-29%) , especially with respect to wound healing (necrosis, infections, adhesions, and scarring). [12] [13] [14] [15] [16] [17] [18] Minimally invasive techniques have been developed to overcome these problems. Ma and Griffith 19 first reported good results in 18 patients with acute Achilles tendon rupture treated with a percutaneous procedure designed to avoid the complications of open repair. Other authors have reported a high incidence of sural nerve injury using the same or modified techniques. [20] [21] Several studies have even shown a high incidence (7-33%) of rerupture following a percutaneous repair. 22 We report the midterm results of a minimally invasive technique to repair acute Achilles tendon rupture using a double-ended needle. This technique aims to avoid injury to the sural nerve, minimise wound complications, and yet provide a strong repair. Postoperatively, the foot was immobilised in 10 to 15 degrees plantar flexion using a below-knee plaster cast. Patients were allowed partial weight bearing ambulation (10-15 kg) with crutches. The plaster cast was converted to a neutral position at 3 weeks, and patients were allowed weight bearing as tolerated, up to full weight bearing. The plaster cast was removed at 6 weeks, and physiotherapy was commenced for range of motion and muscle-strengthening exercises.
MATERIALS AND METHODS

Between
Patients were followed up at 3 weeks, 6 weeks, 3 months, 6 months, and yearly thereafter. Patients were independently assessed by a research fellow or orthopaedic registrar using a standardised protocol for re-rupture, calf muscle strength (measured by single heel raise, ground-to-heel distance compared with the normal foot), calf atrophy (measured by comparing the circumference of the calf with that on the normal side), wound healing, and ability to return to pre-injury activity. The mean follow-up period was 65.5 (range, 34-90) months.
Minimally invasive technique involving a double-ended needle
A 2-mm diameter Steinmann pin sharpened at both ends was used. A hole to accommodate No. 1 polydioxanone suture (PDS) was made in the centre of the needle (Fig. 1) . PDS was used because of its strength and easy-gliding property that allows proper tensioning of the repair. Surgery was performed under general anaesthesia with the patient in a prone position. No tourniquet was required. A 2-cm transverse skin incision was made proximal to the palpable gap in the substance of the ruptured Achilles tendon. The paratenon was identified and incised if it was still intact. The ruptured ends of the tendon were identified through palpation and visualisation. The medial and lateral borders were grasped with artery forceps and brought out from the incision (Fig. 2a) . The needle with No. 1 PDS was inserted at the distal end, passed through the ruptured end of the tendon and exited from the skin on the opposite side about 1.5 cm to 2.0 cm away from the ruptured end. Care was taken to ensure that the other end of the needle stayed within the paratenon and tendon sheath while exiting through the skin. The other end of the needle (still inside the paratenon) was manoeuvred to pass in a distal direction so that it exited the skin on the opposite side of the tendon (Fig. 2b) . This was repeated 2 to 3 times in a zigzag manner (Fig.  3) . The distance between each entry (passing) through the tendon was approximately 1.5 cm to avoid strangulation of the tendon. The zigzag was then reversed in order to exit the suture at the distal ruptured end (Fig. 2c) . The needle was directed to come out through the previous puncture holes of the skin wherever possible while reversing the zigzag. Another needle and a new No. 1 PDS was passed through and exited from the proximal end of the corresponding ruptured tendon as previously described (Fig. 2d) . Both ruptured ends of the Achilles tendon were then tied together by pulling the sutures together, assisted by plantar flexion of the foot (Fig. 2e) . Reduction and apposition of the tendon ends was performed under direct visualisation. At least 2 reef knots and one half knot were applied to ensure secure knotting. The free ends of the suture material were then buried within the substance of the tendon using a Mayo needle to minimise irritation from a subcutaneous knot under the skin. The paratenon was closed over the repair site and the skin closed. 
RESULTS
Fewer complications were encountered with the minimally invasive technique than with standard open surgery. In the former group no re-rupture, sural nerve injury, or wound breakdown was noted, and only one patient had a hypertrophic scar. Superficial wound infection that resolved with intravenous antibiotics occurred in 2 patients. In the standard open surgery group, one patient had a re-rupture and one a sural nerve injury, and wound complications were encountered in 19 (Table) . The difference in mean calf muscle strength between the 2 groups was not significant. Calf atrophy (the difference in calf circumference between the affected and unaffected legs) was significantly less in the minimally invasive than open surgery group (1.5±0.5 cm versus 2±0.8 cm, p<0.05, Student's t test). In the minimally invasive group, 24 (96%) of 25 patients returned to pre-injury activity compared with 38 (88%) of 43 who had standard open repair.
DISCUSSION
The treatment of acute Achilles tendon rupture remains controversial despite extensive research. Operative methods have resulted in a lower re-rupture rate and earlier return to activity than conservative methods. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Nonetheless, standard open repair is associated with higher complication rates, especially for wound healing problems and sural nerve injury. [12] [13] [14] [15] [16] [17] [18] Wound breakdown or infection after open repair of the Achilles tendon can be catastrophic and complete healing may take as long as 4 to 8 months following such wound problems. 15 Ma and Griffith 19 reported the first percutaneous repair for acute Achilles tendon rupture in 1977. The technique involved producing 6 small stab incisions along the medial and lateral borders of the tendon and passing a suture through the substance of the tendon through these incisions. The suture was then tied on the tendon surface. Local irritation from the subcutaneous knot necessitating suture removal developed in 2 of the 18 patients. No re-rupture or sural nerve injury was reported. However, other authors reported an unacceptably high incidence of sural nerve injury and re-rupture when applying the same technique. 3, 20, 21 Sural nerve injury was demonstrated by Hockenbury and Johns 23 in a cadaveric study in 1990. Many surgeons have advocated a number of modifications to the percutaneous or minimally invasive techniques, each with its own advantages and disadvantages. 2, 11, [24] [25] [26] [27] The minimally invasive technique described here using a double-ended needle is simple and easily mastered with a short learning curve. It is technically less demanding than a standard open repair. The needle used is a modified 2-mm Steinmann pin sharpened at both ends with a hole in the centre. No. 1 PDS is used because it has better gliding properties than other braided sutures such as Ethibond. This allows proper tensioning of the tendon repair. A single 2-cm transverse incision is used to identify the ends of the ruptured tendon. It is important that one end of the needle is within the paratenon during percutaneous criss-crossing (zigzaging) of the suture. This helps to prevent entrapment of the sural nerve and other surrounding structures onto the Achilles tendon. No soft-tissue dissection is required because the sutures are percutaneously threaded proximally and distally through the tendon. Blood supply of the paratenon and soft tissue are therefore preserved, enabling better healing of the wound and tendon. It is recommended that 3 to 4 criss-crosses be made on each side of the rupture to achieve a strong repair.
A more conservative rehabilitation programme was used in the present study because most patients were physically active, and we aimed to minimise the risk of tendon re-rupture, especially in non-compliant patients. The repaired Achilles tendons were not strong enough to withstand normal loading without protection for the first 6 weeks.
This minimally invasive technique that uses a double-ended needle is simple and easily reproducible. With proper rehabilitation, good functional results can be achieved with low morbidity and complications. 
